Main results
One trial with 66 children was newly included in this update. Overall, four trials with 379 children, all younger than seven years old, were included. All four trials compared pronation versus supination. One trial was at high risk of selection bias because allocation was not concealed and all four trials were at high risk of detection bias due to the lack of assessor blinding.
Pronation resulted in statistically significantly less failure than supination (21/177 versus 47/181, risk ratio 0.45; 95% confidence interval 0.28 to 0.73). Pain perception was reported by two trials but data were unavailable for pooling. Both studies concluded that the pronation technique was less painful than the supination technique.
Authors' conclusions
There is limited evidence from four small low-quality trials that the pronation method might be more effective and less painful than the supination method for manipulating pulled elbow in young children. We recommend that a high quality randomised trial be performed to strengthen the evidence.
P L A I N L A N G U A G E S U M M A R Y

Different methods of manipulation for reducing pulled elbow in young children
Pulled elbow is a dislocation of the elbow joint in a young child which is usually caused by an adult, or taller person, suddenly pulling or tugging on the child's arm when it is straight; or when a child pulls away from an adult impulsively. The child immediately complains of pain and cannot use their arm.
Treatment usually consists of manipulating the arm to get the bones of the elbow back into their correct position. It is usually treated by manual intervention. In the typical manoeuvre, called supination, the forearm is twisted or rotated outwards (palm of child's hand faces upwards), sometimes followed by bending of the elbow. While this has become standard practice, it is not always successful. Other methods, particularly the use of pronation, where the forearm is twisted or rotated inwards (palm of child's hand faces downwards), have also been used. These methods are generally safe, although bruising can occur and they can be painful.
This review included four small, low quality trials involving a total of 379 children, all of whom were younger than seven years old. The evidence suggests that the pronation method (with the hand downward) is more successful in repositioning and less painful for children with a pulled elbow.
B A C K G R O U N D Description of the condition
Pulled elbow (radial head subluxation or nursemaid's elbow) is a painful condition of acute onset, resulting in sudden loss of function in the affected limb of an otherwise healthy child (Hagroo 1995) . It is usually caused when an adult (or taller person) holds the child by the hand while walking and suddenly pulls the child away from, for example, a dangerous situation, or merely drags the child up a curb or a step (Salter 1971); or when a child pulls away from an adult impulsively. This sudden pull on the arm in young children (who have relatively lax tissue) pulls the radius through the annular ligament which may partially tear and become entrapped between the radial head and the capitellum (Matles 1967; Stone 1916) . This results in subluxation (partial dislocation) of the radial head. This injury is easily diagnosed on the basis of history and physical examination. The typical presentation is a child who has suddenly cried out with pain and refused to use their arm after a pulling incident, when a snap or click might have been heard (Magill 1954) . The arm is held slightly flexed and twisted inward (Asher 1976), with no swelling or bruising (Hardy 1978) . Pain is usually felt at the elbow but pain may only be felt at the wrist and/or shoulder (Asher 1976; Griffin 1955) . The elbow can usually be flexed and extended, but twisting of the forearm meets resistance and causes pain in the elbow (Hardy 1978) . Pulled elbow is a common injury in young children (Illingworth 1975; Teach 1996) . Population-based incidence rates are scarce but an incidence of 1.2% per year in children aged 0 to 5 years in the Aberdeen city area of Scotland has been described and extrapolated to an annual incidence of 50,000 cases per year in England, Wales and Scotland (Jongschaap 1990) . In Dutch general practice, an incidence was reported of 2.4 per 1000 person years in children aged 0 to 5 years (Krul 2011). In the United States, the incidence of emergency care visits for pulled elbow was estimated at 2.7 per 1000 children aged 0 to 18 years (Brown 2009). The injury is most common in the left arm and in girls, and a median age of presentation of about two years has been reported (Hagroo 1995; Illingworth 1975) .
Description of the intervention
Pulled elbow is usually treated by manual intervention of the subluxed radial head. Various manoeuvres can be applied. Sometimes, these may be in conjunction with application of manual pressure over the radial head. The typical manoeuvre involves supination (Davidson 1998; Eilert 1999; Nocton 2004; Thompson 2004) , where the forearm is twisted or rotated outwards (palm of child's hand facing upwards), sometimes followed by flexion of the elbow (Sponseller 2006) . While this has become standard practice, it is not always successful. Other methods, particularly the use of pronation, where the forearm is twisted or rotated inwards (palm of child's hand facing downwards), have also been used. Both methods are generally safe, although bruising can occur and they can be painful.
How the intervention might work
The purpose of all manipulative interventions is to reposition both the radial head and the annular ligament, thereby restoring the function of the arm and relieving the pain.
Why it is important to do this review
Pulled elbow is a common and very painful condition in young children. Although most textbooks recommend supination and flexion of the forearm (as opposed to pronation and other approaches), evidence for this advice is usually not presented. It is therefore important to identify and summarise the evidence in order to find the most effective and painless intervention. This is an update of a Cochrane review first published in 2009 (Krul 2009).
O B J E C T I V E S
To compare the effectiveness and painfulness of the different methods used to manipulate pulled elbow in young children. The primary comparison, as stated a priori, is the pronation method versus the supination method.
M E T H O D S
Criteria for considering studies for this review
Types of studies
Any randomised or quasi-randomised (method of allocating participants to a treatment which is not strictly random: e.g. by date of birth, hospital record number, alternation) controlled clinical trials evaluating manipulative interventions for pulled elbow in young children.
Types of participants
All young children aged from birth up to adolescence, of either sex, diagnosed with an acute pulled elbow, either primary or recurrent. Trials specifically focusing on older children or adults with this condition were excluded. Trials of children undergoing interventions for complete dislocation of the proximal radial head were also excluded.
Types of interventions
Various manoeuvres, such as pronation or supination of the forearm, used for the manual reduction of subluxation of the proximal radial head in the pulled elbow were included. We included interventions that took place in any setting (e.g. hospital, general practice etc).
Types of outcome measures
Primary outcomes
The primary outcome was failure at the first attempt, where success is defined as immediate restoration of a pain-free, fully functioning arm. Failure was defined by the need for subsequent treatment, usually another attempt at reduction, and lack of spontaneous use of the arm by the child.
Secondary outcomes
When available, we also included results on the following outcomes:
• pain and distress during the intervention • bruising and other adverse effects • ultimate failure in terms of the need for more intensive intervention, such as general anaesthesia
• recurrence (within one month)
Search methods for identification of studies Electronic searches
We searched In MEDLINE, the subject-specific search was combined with the Cochrane Highly Sensitive Search Strategy for identifying randomised trials: sensitivity-and precision-maximizing version (Lefebvre 2008) (see Appendix 1). Search strategies are also shown for the Cochrane Central Register of Controlled Trials, EMBASE, CINAHL, LILACS and PEDro (see Appendix 1). Search strategies included all synonyms for pulled elbow. We searched the following registers of ongoing trials on 22 July 2011 using the term: "pulled and elbow".
• The metaRegister of Current Controlled Trials • The World Health Organisation International Clinical Trials Registry platform
Searching other resources
We screened reference lists of relevant articles. We contacted all authors who have published a trial on the treatment of the pulled elbow in the last 10 years, asking for additional studies.
Data collection and analysis
Selection of studies
Two review authors (MK and JCvdW) independently screened the results of the searches to identify studies that appeared to meet the inclusion criteria of the review based on title and abstract. These studies were obtained in full text and the above two authors independently applied the review inclusion criteria. Disagreements were resolved by discussion.
Data extraction and management
Using a data extraction form, two review authors (MK and JCvdW) independently extracted data from the included trials. MK and JCvdW entered data into RevMan. Disagreements were resolved by discussion. Extraction of results from graphs in trial reports was considered when data were not provided in the text or tables. We attempted to contact authors of trials not reported in full journal publications for additional information and/or data.
Assessment of risk of bias in included studies
Two review authors (MK and JCvdW) independently assessed methodological quality of the included trials using The Cochrane Collaboration's tool for assessing risk of bias (Higgins 2008). Disagreements were resolved by discussion. Titles of journals, names of authors or supporting institutions were not masked at any stage. The risk of bias tool incorporates assessment of randomisation (sequence generation and allocation concealment), blinding (of participants, treatment providers and outcome assessors), completeness of outcome data, selection of outcomes reported, and other sources of bias. We considered parent-rated and clinician-rated outcomes separately in our assessment of blinding and completeness of outcome data. Our other sources of bias were selection bias, where we assessed the risk of bias from imbalances in key baseline characteristics (age, time from injury, primary or recurrent injury); and performance bias, where we checked for comparability in the experience of care providers and subsequent provision of treatment interventions such as slings and advice.
Measures of treatment effect
Quantitative data reported in individual trial reports for the outcomes listed in the inclusion criteria are presented in the text and in the analyses, using risk ratios (RR) with 95% confidence intervals (CI) for dichotomous outcomes. We planned to calculate mean differences for outcomes, such as pain, that are measured with a visual analogue scale. Where different instruments or measures were used, we planned to use the standard mean difference.
Unit of analysis issues
Sometimes children may present with two pulled elbows, which are randomised to one procedure. There is no easy way to include this cluster effect in our analysis. When reported data allowed, we planned to perform sensitivity analyses, with and without these children. Cases of recurrent pulled elbows will be treated the same way as children who present with a pulled elbow for the first time.
Dealing with missing data
Where appropriate, we planned to perform intention-to-treat analyses to include all people randomised to the intervention groups. We planned to investigate the effects of drop outs and exclusions by conducting worst and best case scenario analyses. We were alert to the potential mislabelling or non-identification of standard errors and standard deviations. Unless missing standard deviations could be derived from confidence interval data, we did not assume values in order to present these in the analyses.
Assessment of heterogeneity
We considered whether patient characteristics and the setting of the studies (e.g. emergency departments, general practice) were homogeneous enough from a clinical point of view to allow statistical pooling of the study results. Statistical heterogeneity was assessed by visual inspection of forest plots and calculation of the I² statistic and chi² test for heterogeneity.
Assessment of reporting biases
If more than 10 studies were available, we planned to construct a funnel plot.
Data synthesis
We statistically pooled the results using a fixed-effect model and 95% confidence intervals when studies were clinically (e.g. regarding the setting, or age of the children) homogeneous. Where there was significant heterogeneity, we planned to use a random-effects model.
Subgroup analysis and investigation of heterogeneity
We planned subgroup analyses by age (0 to 2 years; 2 to 5 years; 6 years and above), clinical setting, and whether it was a primary or recurrent subluxation. Should subgroup analysis be done in a future update, we will investigate whether the results of subgroups are significantly different by inspecting the overlap of confidence intervals, and performing the test for subgroup differences available in RevMan.
Sensitivity analysis
Where possible, we planned sensitivity analyses examining various aspects of trial and review methodology, including the inclusion of trials at high risk of bias (specifically from lack of allocation concealment).
R E S U L T S Description of studies
See: Characteristics of included studies; Characteristics of excluded studies; Characteristics of studies awaiting classification; Characteristics of ongoing studies. 
Results of the search
Included studies
Of the four included trials, three were randomised controlled trials (Green 2006; Macias 1998; McDonald 1999) 
Excluded studies
One trial (Taha 2000) was excluded because it did not compare different methods of reducing pulled elbow. 
Risk of bias in included studies
Allocation
While not reporting the method of sequence generation, Macias 1998 reported that allocation was concealed to the attending physician. Allocation concealment was not mentioned in Green 2006 and McDonald 1999 ; the associated risk of selection bias in these two trials was judged as 'unclear'. Bek 2009 assigned treatment according to the child's birthday (odd or even) and so was judged at 'high' risk of selection bias since allocation was not concealed.
Blinding
Blinding of either the participants (not possible), the treatment providers (not possible) or the outcome assessors was not done in any of the studies. The lack of blinding is an important but to some extent unavoidable source of bias in all four trials.
Incomplete outcome data
In the trial report of Green 2006, there were discrepancies in the numbers of participants presented in the table of patient characteristics and those in the flow chart: information was missing for two participants in the former. For some participants of McDonald 1999, data on pain scores were missing and unaccounted for.
Selective reporting
In Green 2006, pain was only recorded for successful attempts and not for the nine participants with unsuccessful attempts (9 out of 72 participants). It was unclear whether there was selective reporting in the other three trials.
Other potential sources of bias
There was a considerable difference between the study groups regarding the time of injury in Green 2006. In the other three trials no other potential sources of bias were identified. There was no information on the experience of the attending physicians. However, all reductions in Bek 2009 were performed by one of three final-year trainee doctors, who received a briefing about the reduction techniques before starting the trial. Additionally, some reductions in McDonald 1999 were performed by trainee doctors (residents or senior medical students) under supervision.
Effects of interventions
All four studies provided evidence that pronation was more effective than supination. As these studies were all performed in similar settings and included similar study populations, we decided to pool data on failure rates reported in all four studies. We found a statistically significant difference in favour of the pronation methods (see Analysis 1.1: risk ratio 0.45; 95% CI 0.28 to 0.73 (I² = 30%)). The omission of Green 2006, which was potentially confounded by the difference in mean time from injury between the two groups, did not affect this finding. The control event rate (supination + flexion) varied: this was 16% in Green 2006 , 23% in Macias 1998 , and 31% in Bek 2009 and McDonald 1999 . However, assuming a mean control event rate of 26% (one in four first attempts using the supination method fail) and an absolute difference of 14%, the number needed to treat (NNT) is close to 7. This means that seven children would need to be treated with the pronation method rather than the supination method to avoid one failure at the first attempt. Of our secondary outcome measures, pain was measured in two trials (Green 2006; McDonald 1999) but they used very different measures. Data for pain were unavailable for presentation in the analyses. Moreover, in Green 2006, pain was only assessed for successful attempts. Green 2006 found that, in the successful attempts, the difference in the visual analogue scores (10 cm scale) favoured pronation. The difference was 0.7 cm as perceived by physicians (reported P = 0.11); 1.0 cm by nurses (reported P = 0.03) and 1.7 cm by parents (reported P = 0.04). This last finding was both statistically and clinically significant. McDonald 1999 reported, using a four point ordinal score, that the treating physicians perceived the pronation method to be significantly less painful than supination (reported P = 0.013), but that parental pain scores during reduction were similar for both procedures (reported P = 0.169). In conclusion, both studies found that pronation might be less painful, but lack of assessor blinding and incomplete data may have affected this finding. The subjective assessment by physicians of the reduction manoeuvre based on an assessment of difficulty of manoeuvre, pain and overall condition in Bek 2009 favoured hyperpronation (reported P = 0.003). The other secondary outcome measures (i.e. bruising and other adverse effects, ultimate failure (in terms of need for more intensive intervention, such as general anaesthesia), and recurrence) were not reported in any of the studies. Our planned subgroup analyses by age (0 to 2 years; 2 to 5 years; 6 years and above), clinical setting, and whether the subluxation was primary or recurrent were not possible due to lack of data.
D I S C U S S I O N Summary of main results
The four trials included in this review compared the effectiveness of pronation versus supination for the reduction of subluxation of the radial head in 379 young children (all younger than seven years old). Pooled data from 356 cases for our primary outcome of failure at first attempt showed that pronation resulted in statistically significantly less failure than supination (RR 0.45; 95% CI 0.28 to 0.73). Assuming a mean control event rate of 26% and an absolute difference of 14%, we estimated that seven children would need to be treated with the pronation method rather than the supination method to avoid one failure at the first attempt. Two trials reported that pronation might be less painful but data were not available to confirm this.
Overall completeness and applicability of evidence
The objective of this review was to compare the effectiveness of, and pain associated with, different methods for manipulating the pulled elbow in young children. All included studies addressed our stated primary comparison of pronation versus supination methods. We believe this review provides a relevant answer to the question of effectiveness of these basic procedures, but the evidence is still incomplete and susceptible to bias. In particular, there was insufficient or no evidence on pain, adverse effects or recurrence. Trial settings, care providers and the study populations were comparable in the four trials and the findings of these trials would apply more generally. However, our planned subgroup analyses by age (0 to 2 years; 2 to 5 years; 6 years and above) and clinical setting were not possible.
Quality of the evidence
The quality of evidence was low in all studies, with high risk of bias resulting from lack of allocation concealment in one trial, lack of assessor blinding in all four trials, and a major imbalance in mean time from injury at baseline in one trial. Additionally, there was incomplete assessment of pain in both trials recording this item.
Potential biases in the review process
Although our search was extensive, we cannot exclude the possibility that we have missed relevant evidence. We tried to contact the authors of the original studies but only one replied and this did not result in clarification of methods or results. Our search of grey literature, the pursuit of trials listed in clinical trial registers and the fact that we applied no restrictions based on language or publication status aimed to avoid publication bias, location bias, citation bias, language bias and outcome reporting bias. Given there were only four studies available, we were unable to explore whether publication bias could have occurred. Multiple publication bias did not occur.
Agreements and disagreements with other studies or reviews
We found two other reviews. Davidson 1998; Eilert 1999; Nocton 2004; Thompson 2004) . This is not supported by the findings of this systematic review, which provides some evidence that pronation might be more effective and less painful than supination.
A U T H O R S ' C O N C L U S I O N S Implications for practice
Four studies comparing the pronation method with the supination method provide limited evidence that pronation is more effective and less painful than supination. Many textbooks recommend supination as the preferred method, which notably is not supported by the findings of this systematic review.
Implications for research
It would be useful to replicate the head-to-head comparison of pronation versus supination in a larger randomised controlled trial that conforms to high methodological and reporting standards. As well as rigorous and blinded assessment of failure, recorded outcomes should include our secondary outcome measures: pain and distress during the intervention (both preferably blinded), adverse effects, ultimate failure and recurrence. This further research would provide the conclusive evidence for the most effective method. 
C H A R A C T E R I S T I C S O F S T U D I E S
